INTRODUCTION
Childhood cancer is the second leading cause of deaths in children in high-income countries, and is of major concern for patients, families and societies. 1 2 In spite of extensive research, little is known about the aetiology of childhood cancer. 1 2 Almost half of childhood cancers are diagnosed before 5 years of age, 1 indicating that some of the causal factors operate in utero or in early postnatal life. 3 4 However, only few such risk factors have been identified. 5 Birth characteristics may represent the interactions between genetic susceptibility and prenatal environmental causes, [6] [7] [8] but the empirical evidence available to date is inconsistent and inconclusive. [6] [7] [8] [9] The Apgar score, which is assigned to virtually every newborn, evaluates the clinical state of the newborns based on five physical signs (heart rate, respiratory effort, reflex irritability, muscle tone and colour) present shortly after birth. 10 A total score of 9 or 10 indicates that the baby is 'in its best possible condition'. 10 Although the usefulness of the Apgar score has been questioned in recent 
Key messages
▪ A low 5 min Apgar score was associated with a higher risk of childhood cancer, suggesting that environmental factors operating before or during delivery may play a causal role. ▪ In addition to as an assessment tool for a newborn's clinical status, the Apgar score at 5 min may also indicate programming effect of fetal environment on diseases in later life, including childhood cancer.
Strengths and limitation of this study
▪ The most important strengths of our study include singletons in a prospectively longitudinal design, large sample size of five million, complete follow-up, accurate data on Apgar score and cancer diagnosis and detailed data on covariates. ▪ The limitations of our study are that we lack information on risk factors after birth and the case numbers for several childhood cancers are small.
years, 11 this scoring system remains the only widely used and accepted tool for assessing the vitality of newborn infants across the world. 12 13 The 5 min Apgar score is a predictor of neonatal mortality, 14 and several neurological outcomes. [15] [16] [17] [18] [19] A suboptimal fetal environment 20 related to a low Apgar score may also be associated with compromised immune responses against tumours, 21 which can predict long-term health problems, 22 23 including future cancer risk. In this population-based cohort study, we examined the association between the Apgar score at 5 min of age and childhood cancer, after taking other birth characteristics, 8 24 maternal socio-demographic characteristics, 1 2 and maternal smoking during pregnancy 25 26 into account. We hypothesised that children with a low Apgar score have a higher risk of childhood cancer than children with an optimal Apgar score. 21 
METHODS

Study design and study population
Data from eight national registers in Sweden and Denmark were linked by the unique personal identification number, which is assigned to each resident in the Scandinavian countries. 27 This population-based cohort study 28 Outcome measurements Data on cancer were obtained from national cancer registries, and the registration and coding practices have been described elsewhere. 31 32 The main outcomes of interest were all incident cancers (ICD-7 codes 104-205, ICD-10 codes C00-97) diagnosed before 15 years of age and the most frequent childhood cancers for which uterine environment has been suggested to play a role: 
Statistical analysis
All data handling and statistical analyses were performed using SAS V.9.2 statistical software package (SAS Institute, Inc, Cary, North Carolina, USA). The low Apgar score was categorised into each single score and also into two subgroups (0-5 and 6-8), as a very low score would be different from a score of over 5. 10 HRs with 95% CIs were estimated by Cox regression with the PHREG procedure. Potential confounders were included in the model, such as country (Denmark and Sweden), child sex (male and female) and birth characteristics ( parity (1, 2 and ≥3), birth weight (<2500, 2500-3249, 3250-3999 and ≥4000 g), gestational age (<37 and ≥37 weeks), maternal factors (age (≤26, 27 Analyses were performed when we excluded children diagnosed with cancer before 6 months of age to see how the overall effect of a low Apgar score would change when most embryonic cancers are excluded. We also repeated our analyses by dropping Wilms' tumour, hepatoblastoma, testicular cancer and retinoblastoma to see how the overall effect would be driven by these four childhood cancers.
Analyses were also stratified by country, sex, birth weight, gestational age and parity, which have been suggested to be associated with both Apgar score and cancer risk. 1 2 Analyses were also performed for the subcohorts where information on maternal smoking was available.
RESULTS
The baseline characteristics of the study population (5 061 798 singletons) are shown in table 1 according to the three subgroups of Apgar scores (0-5, 6-8 and 9-10). Low Apgar scores were comparable for most characteristics but more frequent among children born preterm or with low birth weight.
A total of 8087 children were diagnosed with cancer before 14 years of age (1.6 per 1000 children). presents that children with a score of 0-5 had a higher overall rate of childhood cancer (2.0 per 1000) than those with a score of 6-8 (1.7 per 1000) and those with a score of 9-10 (1.6 per 1000). Compared to children with a 5 min Apgar score of 9-10, children with a score of 0-5 had a 46% increased risk of cancer before 14 years of age (adjusted HR 1.46, 95% CI 1.15 to 1.89), but children with a score of 6-8 had no increased risk of cancer (HR 1.05, 95% CI 0.92 to 1.18). Table 3 shows that the HRs in children according to age at cancer diagnosis. For cancer diagnosed before 6 months of age, an Apgar score of 0-5 was associated with sixfold overall risk (HR 6.04, 95% CI 3.73 to 9.76) and an Apgar score of 6-8 was associated with a two-fold increase in risk (HR 2.17, 95% CI 1.54 to 3.05). The most frequent diagnosed cancers during this period include tumours from brain/nervous system, endocrinal glands, kidney and leukaemia/lymphomas (data not shown).There were no statistically significant increased risks for cancer diagnosed after 6 months of age.
Compared to children with an Apgar score of 9-10, children with a score of 0-5 had higher risks of several childhood cancers (CNS tumours, retinoblastoma, hepatic tumours, bone tumours and testicular tumours), but most estimates were not statistically significant (table 4) . Low Apgar scores did not influence risks of lymphatic/ hemapoietic neoplasms. The highest HR was observed in children with a score of 0-5 for Wilms' tumour (HR 4.33, 95% CI 2.42 to 7.73).
When Wilms' tumour, testicular cancer, hepatic cancer and retinoblastoma were not included in the analyses, the estimates for overall effect of a low Apgar score are smaller but the risks remain elevated (data not shown). With these exclusions, the estimates for cancer diagnosed before 6 months were even slightly higher (data not shown) than those presented in table 3. When we excluded cancers diagnosed during the first 6 months of life, a low Apgar score was not associated with increased overall cancer risk or with CNS cancer (data not shown). Estimates for other cancers, such as Wilms' tumour, remained essentially unchanged (data not shown).
The elevated risks related to an Apgar score of 0-5 were higher in almost all each stratum of the covariates, such as country (Denmark and Sweden), child sex (male and female) and birth characteristics ( parity (1, 2 and ≥3), birth weight (<2500, 2500-3249, 3250-3999 and ≥4000 g), gestational age (<37 and ≥37 weeks)), maternal factors (age (≤26, 27-30 and ≥31 years), education level (low: ≤9, middle: 10-14 and high: ≥15 years) 29 and smoking during pregnancy (yes, no)) (data not shown).
DISCUSSION
Children with a low 5 min Apgar score, especially children with a score of 0-5, had a higher overall risk of childhood cancer that was diagnosed before 6 months of age. We also observed higher risks for several main childhood cancers like Wilms' tumour. The associations were independent of country, child sex, child birth characteristics (birth weight, birth order and gestational age) and maternal factors (age, education and smoking during pregnancy). However, we found no association between low Apgar score and risk of leukaemia and other lymphatic/haemapoietic malignancies.
The theory of 'developmental-origins of health and disease' proposes the importance of in utero environment for long-term human health. 22 23 We observed that children with a low Apgar score between 0 and 5 had a higher overall cancer risk than those with an optimal score (9 or 10). The mechanism underlying this observation is, however, unclear. A low Apgar score is a marker of a suboptimal fetal environment 20 or other factors that prevent the child from achieving a high score. From a programming perspective, it is interesting to observe that the effect of a low Apgar score on overall cancer risk was the strongest for cancers diagnosed before 6 months of age. Tumours from brain/nervous system, endocrinal glands, kidney and leukaemia/lymphomas were among the most frequent diagnosed cancers during this period. This observation is in line with suggestions from previous studies that in utero exposures to insulin-like Table 3 HRs for childhood cancer according to the Apgar score at 5 min, by age at diagnosis †Adjusted for country, sex, maternal factors at child birth (age, education and smoking during pregnancy) and birth characteristics of the child (birth weight, gestational age and birth order).
growth factors, 8 oestrogens 33 34 or infections 24 35 may play a role for the relationships between other birth outcomes and many childhood cancers, or childhood cancer risk in general. A low Apgar score probably shares aetiology with cancers initiated in fetal life, and different biological pathways may operate for the association between Apgar score and childhood cancers. For example, neonatal treatments related to low Apgar scores may increase the risk of some childhood cancers. 36 37 The best evidence for fetal origins of childhood cancer has been available for leukaemia. 7 8 38 Our findings suggest that those observations may operate through the mechanisms that do not affect the Apgar score, and similar interpretations apply to other lymphatic/haemapoietic neoplasms. The associations between a low Apgar score and several other specific childhood cancers in our study are noteworthy. For example, the highest risk of a low Apgar score was obtained for Wilms' tumour, which is in line with observations in two register-based studies (restricted to only girls in one of the studies) 39 40 but not in another case-control study. 41 Hypoxia, as indicated by a low score, may result in cell damage that subsequently leads to Wilms' tumour. 42 43 Alternatively, neonatal treatments provided to neonates with a low Apgar score may also increase the risk of Wilms' tumour. 36 37 Hepatoblastoma is reported to be associated with factors like low birth weight, 44 smoking during pregnancy or young maternal age. 45 A recent study showed a reverse association between birth order and retinoblastoma. 9 However, the observed elevated risks of both hepatoblastoma and retinoblastoma after adjustment might indicate an independent role of a low Apgar score for these two childhood cancers.
The observed associations between low Apgar scores and childhood cancer risk were not explained by other adverse birth outcomes, which have been widely used as the proxy indicators of fetal environment to explain fetal origins for a number of adult diseases. 22 23 As expected, a low Apgar score was more common among children with adverse birth outcomes, which often correlate with childhood cancers. 7-9 38 However, the elevated risks related to a low score were observed in almost all subgroups of baseline characteristics, including but not restricted to pregnancies with adverse birth outcomes. Furthermore, the associations were consistent according to country and maternal factors under investigation.
The most important strengths of our study include the prospective longitudinal design, large sample size and detailed data on other covariates. The registry system in the Nordic countries provides both a complete case ascertainment and accurate linkage with other data, which allow complete follow-up with least impact of misclassification error. 27 The rarity of childhood cancer makes population-based epidemiological studies very difficult. Much of the heterogeneity of previous results might be due to the small sample sizes and lack of control for factors related to the child or the mother. Our data enabled us to do a more in-depth investigation by examining risks in subgroups. The cohort design based on prospectively collected high-quality data minimised the impact of information or recall bias.
One limitation of our study is that we lack information on risk factors after birth. However, factors associated with a low Apgar score, such as related neonatal treatments, may lie in the pathways between exposure and outcome, and should not necessarily be controlled for in the analyses. 46 A second limitation is that we cannot rule out the confounding of factors like environmental exposures after birth. Third, the case numbers for several childhood cancers are small, although the total population included over 5 million children.
To conclude, our findings support the developmental-origins hypothesis of childhood cancer. An association between a low Apgar score and childhood cancer does not prove a causal role of the components that make up the Apgar score but strengthens the relevance of viewing the prenatal time period as a causal time window of interest. A low Apgar score may reflect a pathological pregnancy that could share causes with childhood cancers, or childhood cancers may have a clinical onset that starts during fetal life. In the first situation, a low Apgar score may also be associated with cancer risk in adulthood. In addition to being a widely accepted assessment tool in neonatal care, the Apgar score may indicate programming effects of fetal environment on further health, suggesting that its role in clinical practice and public health may reach beyond its current use.
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